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In Januaryof 2014, NASA received fifyeight proposals from U.S. and international teams for
science and exploration technology investigations, for c
next mobile landed mission to Mars. The results of the competitiveement were released in
late July of 2014: Seven payloads were selected for the investigations that would contribute to
meeting the overall objectives of the mission. The extraordinary scientific and technology

development interest in the Mars 2020 migssn is a direct resul t of NASAOGs s
coordinated plan for the exploration of Mars, and ultimately, its search for life elsewhere in the
uni ver se. The Mars 2020 Mission will preserve the heri!t

Science Labotary Mission and Curiosity Rover to implement its mission. In this paper, early
development history leading to its development announcement, as well as key development status
and design features for its implementation, is summarized.
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1. Introduction
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Science Mission Directorate (SMD), has developed and imissions).

implementing along term program of exploration and Fundamental objectives within the program are sometimes

di scovery, with wultimate g o atidessedhby targer huddgety dreNABikactee (orsflagsmipdl i n g
potential for being a habitat for past or present microbial lifemissions developed over mangears of scientific study,

and development of technologies in preparation for human nf or me d by consensus advice
exploration of Mars? The rolwtic exploration of Mars has sci enti fic and engineerin® comr
been, and continues to be, undertaken by a series of compet@d2020) mission is one such mission currently under

and flagship missions that implement scientific investigationglevelopment; a large budget, flagship mission that is the
foll owing a coordinated s t outcame gfysucha longddevelopnient historly éescribea inithisn 6 s
prioritized goals, within the resources set$ Government paper. A short history of the formulation process, as well as a
policy and legislation on an annual basis. Some of thessnapshot status tiie current development stage and design of
missions are developed in close cooperation with internationahe mission is provided in this paper.

partners including national space agencies and the European

Space Agency (ESA). Fid summarizes the series of NASA

led and NASAparticipation missions conducted within the 2. Mars 2020 Project Development History

MEP over the last two decades. .
Program planning for concepts that have evolved to the current

Mars 2020 Project did not happen over a short time period. A
long ard iterative process guided by NASA Headquarters,
factoring evolving budget environments and constraints,
informed by t he nati onds SC i
implemented by national engineering capabilities brought to
bear by the MEP, eventually led to wietoday the Mars 2020
Project. The early part of that process for development of the
next flagship mission after Mars Science Laboratory is
discussedn Ref. 7) During this early development period, it
wasnot unt il after tDecade®hRG i ber
L PREPAREFORHUMANEXPLORATON D (Science Advisory Gnap),® and during mission concept
development efforts associated with the 2@008 Mars

Fig. 1. Mars Exploration Program Missions and Investigation Strategic SciencéMSS) SAG,” that the first caching rover

Objectives, Past and Under Development concept for potential Mars Sample Return(MSR) was

developed for program planning budget discussions. The Next
Decadei Science Analysis Group (or, NBAG) final report

Specific and more narrow objectives within the program are n t | Sdieace Priorilies for Mars Sample Retgfhhad
addressed by lower budget cosipped missions with more jgentified the desired objectives ofatential MSRcampaign
focused investigations, typically implemented as competegnd howthe greatest value from such a campaign could be
Principal Investigateted missions within the MEP (e.g. Scout attained from carefully selected and documented samples. The
Programds 2@PBX)an@2003MAVERY (MVN) 2008 MEP budget development cycle included, for the first
missions) or outsidefo t he MEP (e. g. D tlinfeCtif Yirt Eldment df gtnfiakHiz@rfission MSR project

EVOLVING SCIENCE STRATEGIES FOR MARS EXPLORATION




that could reasonablyegin to address such objectives. Thisparticular concept development timeline is depicted below in
first element ouchan MSR campaign that would include both Fig.2 with the completion of the NISAG final report and the
in-situ exploration of a compelling site on Mars (similar to theearly concept development of EMSS-SAG caching rover
Mid-Rover concept identified by 2006 Mars Advancedconcept to be launched in 2016.

Planning Group (or, MAPGY %3 butwith inclusion of a sample

collection and caching capability. The beginning of this
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Fig. 2. Caching Rover Concept Development Leading to Mars 2020 PRimumhed Lifecycle
extending into the decade-beyon

C is the critical first element of Mars sample retdtrshould be
viewed primarily in the context of sample return rather than as

The January 2008/SS-SAG mission concepincluded a a separate mission that is independent of the sample return
MER-class rover (solapowered, under 200 kg rover mass)o b j ecti ve. 0 A key factor in t
referred to as 2016 Mars Prospector. This MiE#&s concept selectng MAXC over other prioritie
development was carried much further by the NA@wrtered committee recommends that NASA fly MAK in the decade
2009 MidRange Rover Science Analysis Group (WBRG). 20132022, but only if the mission can be conducted for a cost
The MRRSAG was asked to formulate a mission conceptthat 0 NASA of no more than approxi
would address two general objectives:¢ahduct highpriority ~ Budget constraint recommendations would be key factors in
in situ science and (2) make concrete steps towards the potenti@dfluencing the sulequent development of the caching rover
return ofsamples to Earth. The outcome of this effort was aoncept.
detailed sciencand engineering concept referred to as the Mars

e b o s VY, ASA and he P vere consderg mulie optons
SAG reporf? and inRef. 7) This mission concept was of possibilities for implementing its next landed mission.

. . : Caching rover concepts amtvelopment cost estimates were
fremendous importance ithe effort to beginwhat could generated for configurations that spanned Mit&s solar
becomea Mars Sample Return campaign. powered rover concepts (<200 kg rover) to MSass
As illustrated in Fig2, in December of 2008, NASA initiated MMRTG-powered rover concepts (~1000 kg rover). In the
the process of generating its next decadal survey for planetaBP09i 2011 timeframe, extensive efforts were devoted karso
science. The Committee on the Planetary Science Decad@pwered rover concepts between those mass extremes. In April
Survey (Space Studies Board, Division on Engineering an@f 2009 NASA and ESA initiated a joint effort to develop an
Physical Sciences, National Research i@iluof the National international collaborative mission that would satisfy both
Academies) implemented the survey. The purpose of thagencies objectived. Joint Science and Engineering Working
decadal survey was tiolentify the most important scientific Groups JSWG & JEWG) explored joint rover / surface
questions in planetary science for the next decade and thénissions with the goal of eventual return of samples from Mars
prioritize the missions that could address those questiondAX-C objectiveg?) and insitu remote sensing and sub
(Squyres, March 2009, Lunar and Planetary Scienceurface analytical sample analyses (ExoMars objecti)es
Conference). As described in the final survey report Initial efforts focused onelivering both MAXC and ExoMars
(entitled: Vision and Voyages for Planetary Science in theRovers to the surface of Matssing an MSkderived entry,
Decade 2012022 i ssued i n Mdhmedighesh f dedcent dnd landing system. A pallet designed to restrain and
priority flagship mission for theecade 2012022 is the Mars  deliver both rovers to the surface was studied. Individual
Astrobiology ExplorertCacher (MAXC,*¥), which will begina  objectives of each rover would be indegently met following
threemission NASAESA Mars Sample Return campaign egress of each mobile system from the delivery palletter

3. Implementation Schedule

During the multiyear process of generating the Decadal



effortsintegrated elements of the E&oMars Rover mission detail inRef. 28)
and theNASA 2018 Mars caching rover concept into a single

A : : In December 2012, at the San Francisco gathering of the
multi- tiverover concept. Th implementations prov . N . -

objec erover concep ese Implementafions pro edAmencan Geophysical Union (AGU), NASA Associate
extremely difficult to develop in an overly constrained Administrator Grusfeld d the NASA decision that th
environment Technical constraints (including volume and ministrator Srusteld announced the ecision that the

mass), an inability to descope Keyndamentahgency science next mission to be developed WOUld be an Mﬂntage_ Sa”_‘p'e
objeczives, and pryogrammaﬁcu;}aall contributgd toya difficult C?Ch'”g rover to be launched in the. 2020 oppor?dﬁtty\/\lllth .

path to reach workable technical solutions. Such challeng@]tg"S announcement, many scenarios ahd options (including
contributed to NASA independent cost estimatethat would aunph year) under .stu.dy wemdiminated, the fundamentalll
exceed available resources. In late 2011 / early 2012 it becarﬁéCh'teCture of the mission and the I_aunch year were specified
apparent that NASA budget issuesxacerbated by a 20% a_lnd focused development CO.Uk.j begin. .Also annqqnced at that
budget cut in the FY13 budget plan, would not sustain thééme' NASA would be establishing a Science [?gflnmpn _Team
direction the collaboration was headed, so in February 201 SDT) t hat wo " | d b gdeﬁalhad mllsalsnk ed t
NASA announced it was scaling back dramatically the possiblgoncept that is traceable to highest priority, commemitifed

contributions to 2016 ExoMars Orbiter and 2018 ExoMars scientific goals and objectives (i.e., Vision and Voyages NRC
MAX -C,17. 18, As a result, ESA would restructure their Planetary ~Decadal Survgy and related = MEPAG

program and continue ExoMars 2016 / 2018 in a majOIGoals/Objectives) that will be formally presented to the Mars
collaboration with Russia, with smaller contributions from Explor ati on _Pr ogram and SMD | ead
NASA to each mission. 2016 ExoMars Trace Gas Orbite|p|[.Jenly compete t_h_e science payload to be'flown on Mars 2020,
successfully entered Mars orbit in October26f16, and the with the competition following the established processes of

ESA ExoMars rover and the associated Russian stationa&/MD'
surface science platform are continuing development and are
planningfor a launch in July 2020with a planned arrivait 4. Payload Selectiorand Description

Mars in March 20219,
t An open call from NASA for membership the Mars 2020

Following withdrawal from collaborain with ESA on the Science Definition Team (SDT) was released in late December
2018 landed mission, the NASA Administrator, in February201223, very soon after the initial announcement of the mission
2012,asked SMD Associate Administrator Grunsfeld to lead an early December. The SDT was formed by late January 2013
team with HEOMD Associate Administrator Gerstenmaier,and then spent the next five months developingdétailed
Chief Scientist Abdalati, and Chief Technologist Peck tomission concept. The report of the Mars 2020 SPivas
reformulde an ageneyide Mars Exploration StrategyThis  released in July 2013 and provided key inputs to NASA
new exploration strategy developmeeffort was supported by Headquarters that would enable the open and competitive call
a newly formedgroup, referred to as th&ars Program for the science investigations and instrumentation that would

Planning Group (MPPG)led by Orlando Figueroa (former support theoverall Mars 2020 mission objectives (including
NASA Headquarters Mars Progralirector)?®. MPPG sample collection) of the mission.

members were drawn from SMD, Human Exploration and .
Operations Mission Directorate (HEOMD), and Space 'ne Mars 2020 Announcement of Opportunity (AO) was

Technology (STP) directorates as well as MEP and recognizd§'eased in September of 203 beginning the competitive
community experts. Their task was to propose pathways for tra"d 0pen opportunity for payload proposals to be develgped

next two (ormore) decades and be guided by the 2011 Decadsglection consideration for flight on the Mars 2020 mission.
Survey, related MEPAG studies, HEOMD studies and otheR€Sponses to the AO were due and were submitted by mid
recent sources of knowledge about Mars. The NASA HQ presinuary 2014. — On July 312014, from the 58 proposals
releas@®f r om t hat time indicat edubmited NASAGelepted 7,for flight og Mys,2020; oThe
foundations for a program levearchitecture for robotic selected. investigeins and thelr. prln(':lpa'l investigators are
exploration of Mars that i SUMpagzedbelfP andaredepictedinFigne presi der
challenge of sending humans to Mars in the decade of the 20308, Mastcamz, an advanced camera system with panoramic

yet remain responsive to the primary scientific goals of the 2011 g stereoscopic imaging capability with the ability to

National Research Council (NRC) Decadsiurvey for zoom. The instrument also will determine mineralogy of
Planetary Scienceo. The pl anhe M&tiad strfad® 8nd &sSist With foeopdratiohs! thd 1
NASA FY13 budget submittal through FY17. principal investigator is James Bell, Arizona State

The MPPG results were briefed to NASA SMD at the end of  University in Phoenix.

August 2012, and a final report was delivered in Septembey SuperCam, an instrument that can provide imaging,
2012%.  The MPPG found hiat Mars sample return chemical composition analysis, and mineralogy. The
architectures provided a O0pr ojfstrmen? @il dlsB b @bleSt8 Betett @hd presencedd? | € C
and integrated strategy for long term SMD/HEOMD/STP  organic compounds in rocks and regolith from a distance.
collaborationd. The report mHepNntighitlesiyht® &rRagE Vidn$ Nds AIBnsos U r e
could be assembled by varying the scope, sequenderisin National Laboratory, Los Alamos, New Mexico. This
posture assumed for the building blocks provided and analyzed instrument also has a significant contribution from the

by MPPG; NASA would be able to choose from these to build  centreNat i on al doEf£tudes Spatial e
a program strategy consistent with its lelegm objectives. The en Astrophysique et Planétologie (CNES/IRAP), France.
options included landed missions of various scope and ) )

complexiy that could be launched in 2018 2022 Mars 3. Planetary Instrument for-Xay L|thochem|$try (PIXL), an
opportunities. These options are discussed in significantly more ~ X-ray fluorescence spectrometer that will also contain an



imager with high resolution to deteine the fine scale As described in the projectd
elemental composition of Martian surface materials. PIXLdocumentation, the Mars 2020 mission will deliver a rover to

will provide capabilities that permit more detailed the surface of Mars; ¢hrover will be designed to take scientific
detection and analysis of chemical elements than even situ measurements on Mars. The mission will also acquire,
before. The principal investigator is Abigail Allwood, encapsulate, and cache individual scientifically selected
NASA's Jet Propsion Laboratory (JPL) in Pasadena, samples of martian material for possible return to Earth by a

California. future mission.The Mars 202Project primary science goals

4. Scanning Habitable Environments with Raman &are to:

Luminescence for Organics and Chemicals (SHERLOC), &. Characterize the processes that formed and modified the
spectrometer that will provide firgcale imaging and uses geologic record within a field exploration area on Mars
an ultraviolet (UV) laser to determine finescale selected for evidence of an astrobiologicatievant
mineralogy and detect organic compounds. SHERLOC  ancient environment and geologic diversity.

will be the first UV Raman spectrometer to fly to the Perf th followi trobiologicall | t
surface of Mars and will provide complementary reriorm the foflowing  astrobiologically - retevant )
measurements with other instruments in the payload. The investigations on the geologic materials at the landing site:
principal investigator is Luther Beegle, JPL. 1. Determine the habitability of an ancient environment.
Following the Project SRR / MDR (October 2014), NASA 2. For ancient environments interpreted to have been
Headquarters augmented the capability of the SHERLOC habitable, search for materials iigh biosignature
investigation by including a Wide Angle Topographic preservation potential.

Sensor for Qerations and eNgineering (WATSON) that: . . . .

a) Augments turret finacale imaging capabilitpy 3. Search fpr potentlal_ ewden_ce (_)f past life using t_he
adding MSL MAHLI (Mars Hand Lens Imagef)eritage observa_ltlons regarding habitability and preservation
optics, along with a multiplexer device, to the SHERLO as a guide.
instrument, and b) provides contextual science and c. Assemble rigorously documented and returnable cached
engineering data to the operations teams. samples for possible future retumEarth.

5. The Mars Oxygen ISRU Experiment (MOXIE), an 1. Obtain samples that are scientifically selected, for
exploration technology investigation that will produce which the field context is documented, that contain the
oxygen from Martian atmospheric carbon dioxide. The most promising samples identified in Objective B and
principal investigator is Michael Hecht, Massachusetts that represent the geologic diversity of the field site.
Institute of Technology, Cambridge, Massachusetts. ) ) )

2. Ensure compliance witfuture needs in the areas of

6. Mars Environmental Dynamics Analyzer (MEDAS)set of planetary protection and engineering so that the
sensors that will provide measurements of temperature, cached samples could be returned in the future if
wind speed and direction, pressure, relative humidity and NASA chooses to do so.
dust size and shape. The principal investigator is Jose ] o ) L
Antonio RodrigueaManfredi, Centro de Astrobiologia, N accordance with the objectives described above, tsitun
Instituto Nacional de dnica Aeroespacial, Spain. instruments in the selected payload swiill provide scientific

measurements of martian surface materials that support surface

7. The Radar Imager for Mars' subsurFAce eXperimenigeological and astrobiological investigations and provide

5.

(RIMFAX), a ground penetrating radar that will provide ¢gontextual

information for sample selection, including

centimeterscale resolution of the geologic structure of thesearching for potential biosignatures.

subsurface. The principal investigator is SvEiik
Hamran Forsvarets Forskning Institute, Norway.
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Fig. 3. Competed Payload Selection: Mars 2020.

Key Science Requirements

In addition b its scientific objectives, the M2020 project will
conduct the following mission operations and technology
validation experiments in order to support féedvard to
future Mars exploration missions:

D.

Contribute to the preparation for human exploratbiars

by making significant progress towards filling at least one
major Strategic Knowledge Gap (SKG). The highest
priority SKG measurements that are synergistic with Mars
2020 science objectives and compatible with the mission
concept are:

1. Demonstratin ofIn-SituResource Utilization (ISRU)
technologies to enable propellant and consumable
oxygen production from the Martian atmosphere for
future exploration missions.

2. Characterization of atmospheric dust size and
morphology to understands its effectstbe operation
of surface systems and human health.

3. Surface weather measurements to validate global
atmospheric models.



4. A set of engineering sensors embedded in the M202@ardwarefor launch, including the rover. The FS will use the
heat shield and backshell to gather data on theroven design and technology developed for the 2011 Mars
aerothermal conditions, thermal protection systemScience Laboratory (MSL) mission and rover (Curiosity) that
and aerodynamic performance characteristics of tharrived at Mars in August 2012 and is still in operation on the
M2020 entry vehicle during its entry and descent tosurface. The missiowill fly a nearduplicate of the MSL rover
theMars surface. outfitted with new payload elements to meet the above

described science objectives and human exploration

measurement goal3he project is highly dependent on heritage
6. Landing Site Selection residual hardware, hardware designs aigthflsoftware proven
MSL. The flight system is overwhelmingly composed of

. . . . b
One of the most important open science questions at this staggs| heritage components and assemblies and presents unique

in the development of M2020 is the upcoming NASA cpaenges  during development when merged with the

Headquarters decision finalizing the choice of landing Sitenecessary new capabilities of the Mars 2020 mis@loA key
Landing site selection for Mars 2020 is an Open procesg,ersybsystem that deviates significantly from MSL heritage
informed by inputs from the international scientific community ;| des the Sampling and Caching Subsystem (SCS); the
through a series of dedicated workshops and meetings, aldsiem designed to acquire rock cores in individually sealable
guided by NASA Headquarters.  The third workshop wasnes for later caching. The project is also integrating a new

completed in February 201 narrowing the scientific g ite of instrumats, as described above, that will necessitate
recommendation for landing site to a final set of three Primaryeqesign of the rover chassis for their accommodation.

landing sites (Jezero Crater, Northeast Syrtis, and Columbigigpjights of the MSEheritage design, and deviations, for the
Hills), and two backup sites (Mawrth Vallis and Nili Fossae) as\y2020 flight system are summarized below in. g
summarizedrable 1and depicted below Fig. 4

Flight System Development Legend:
Tablel. PostLanding Site Selection Workshop #3: Top 3 Finafféts& Green = Heritage MSL
: RED = MSL Modified
2 Backup Sites. Blue = M2020 New Development
]—F—H——ﬂ Cruise Stage:
Latitude Longitude Approximate Approximate 1 Power, Telecom, Thermal, CEDL Mechanical,
Landing Site Elevation Buffered Ellipse Axes Propulsion, GN&C
deg, N deg, E| il ’
(deg, N} (deg, E) k) (k) .}»‘" — -
A Backshell/Parachute:
Jezero Crater 18.4386 77.5031 -2.64 10.7x8.3 £ Telecom, Thermai, CEDL Mechanical, MEDLI2, BTP
NE Syrtis 17.8899 77.1599 2.04 11.1x8.2 . = Parachute, Strengthened
- . EDL Cameras
Columbia Hills -14.551 175.4527 -1.95 9.6 x8.7 \
Mawrth Vallis 23.9685 -19.0609 -2.24 11.9%9.8 =] ® D .
Nili Fossae 21.0297 74.3494 -0.65 9.7x7.7 e Power, Telecom, Thermal, CEDL Mechanical,

Propuision, GN&C, TDS, Motion Control.
EDL Cameras

Rover:
Avionics, Power, Telecom, Thermal, Rover Chassis/
Harness, RSM, Mobility, GN&C, Motion Control,

! aching, CEDL FSW, FsSw,
EECAMSs, TRN, gDRT,
EDL Cameras, Laser Retroreflector, T-0 Purge

Heatshield:
Thermal, CEDL Mechanical, MEDLI2

Figure5. Mars 2020 Flight System, MSL Heritage and Deviations

Latitude (deg)
°

The flight system, as configured for launch and cruise is shown
below in Fig 6.
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Fig. 4.Mars 2020 Landing Site Recommendasiptop 3 sites.

The plan and expectation is that the final landing site would be
selected two yeatsefore launch, in Summer 2018, following a
fourth workshop earlier that summer.

A full discussion and status of the site selection process can bt
found in Ref. 27)

7. Flight System Description

The M2020 project will accomplish the above science and
technology objectives by landing a single mobile science
| aboratory (i .e., a fArover o)
project development organization, tkiars 2020 Project Flight

System (FS) is responsible for development of all of the flight

Eigr&re&t Fngh% Systsenlilirl; trfe Eal?n(% / C%ige CoMgurgtign.’ LU



Fig. 7 shows a depiction of the aeroshell encapsulated flight Figure9. Mars 2020 Rover: Labeled Depiction
system; the rover in its praleployed state enabling its
accommodation within the Entry, Descent and Landing (EDL)

descent stage propulsion system (the later shown ingrig The sampling and caching system includes the roboticthem,
below). turret and all equipment necessary to interact with the surface

of Mars and collect / store / release samples (located on the front
of the rover). The functions of the SCS, as depicted below
Fig. 10, include the following:

Accommodate PIXL & SHEROC instruments

B

Prepare surfacdsr further scientific examination or
for coringthrough

B

0 Abrasion ¢€oring toolabrading bit)

0 Remowl of dust ¢obotic arm
accommodates a high pressuasdriven
dust removal toolor, gDRT).

Position instruments precisely on targets located in the
workspace of theobotic arm.

Position turret instruments on respective calibration
targets located on Rover chassis.

Acquire, document, prepare, and place on the surface
Martian sampled materials reapsulateddrilled
cores) and blank&lso know of as science witness
materials). These particular SCS functions include:

0 Acquire rock cores (to a depth of ~10 cm)
and regolith

0 Accommodate and mamilate witness plate
assemblies.

Assess samples (visi@and volume)
Seal samples

Store samples

O O O o

Drop prepared samples on Mars

Figure8. Descent Stage with Rover in Stowed Configuration

The EDL timeline for landing is discussed below in a Section
8.3, showing the primary functions of each of these stages odan
enabling deploymentfdhe rover to the surface of Mars. @ e

The Mars 2020 rover (fully deployed from its descent stage
configuration) is illustrated belom Fig. 9
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Figure10. Mars 2020 Rover (front): Functionally labeled
depiction of the Sampling and Caching System.



requirements necessitate a highly efficient and fast operations

The SCS, along with the competitively selected payloa
describedearlier, implements the investigation and mission
objectives of NASAOd6s Mars 2

8. Mission System Description

Within the Mars 2020 project development organization,
the Mission System (MS) comprises Mission Design (including
launch vehicle targeting and EartMars trajectory
development) and Navigation (MDNAV) development,

Mission Eng. Design,
Performance Analysis
asw

Launch, Crulse, EDL
Operations Processes

adence, above and well beyond that employed by the heritage
SL Mission System. These key developments will be briefly
iicasserq1 Pelsovg iln tgenMOS and GDS sections.

Surface Operations
mmmmmm

Ground Data System (GDS):
Ops Ground Hardware & Software

Comman SW Services
(es3)

Misslon Operations System (MOS):
Ops People
Ops Procedures
Ops Tralning

Engineering
Operations (E0)

Misslon Deslgn &
Navigation (MDNAV):
MDNAV Analysis and

Ops Hardware & Software

Flight Path Control
Analysis and Design &
sw

Mission Operations System (MOS) development, and Groun

Activity Planning and
Sequencing SW

Mission Control SW
Mcs)
(APSS) b Robatic Operations

Orbit Determination
Analysls and Design &

Data System (GDS) development as depicted beidvig. 11 — o) &

The MS is the grountlased system required to condpiaject
mission operations and consists of the following key
components: 2Es e

a)

b)

d)

e)

f)

g)

Rover Planning

Teajectory 1V
Software (RPS)

Analysis and Design &
sw

Engineering Analysis
SW (EAS) Science Operations.

Science Ops Analysis Instrument Dats
Navigation Operations
Real-Time Operations o
(RTO)

S—

Human resources: Trained and certified personnel t i
operate and navigate the vehicle following separation fron e
the launch vehicle, through cruise, EDL and all subsequer
surfaceoperations.

= Heritage
= High herltage with Low/Mod Improvements
= Some heritage with significant Impravements and/or new capabilities

B =New

Figure 11. Mars 2020Mission System Functions and MSL

Procedures & Training: Documented, tested procedures Heritage Summary (GDS, MOS and MDNAV)

and training to ensure that operations are conducted in a
reliable, consistent and controlled manner, sustainable for
the duration of mission operations. During development
this includes lmission design, trajectory design, mission
planning and navigation analyses that would ensure propelA key tailored M2020 mission design activity is the
targeting of the launch vehicle and a successful Bdets  development of the Launch Vehicle target specifications
transit in preparation for EDL. Also included are all (launch vehicle aimpoints in-&in increments for each 3020
surface operations plans and proceduhat would ensure minute launch window, on each day of the currently planned
the daily and timely uplink of sequences and plans thatwenty days of the launch period), the subsequent mission
would implement all rovebased science and technology design and navigation analyses of the response to these
development investigations, leading to the deposition obpecifications that is provided by the launch servicegractor
sample cache(s) on the surface of Mars. (LSC), and the selection of the landing site to be targeted by the
M2020 mission.

7.1 Launchand Mission Design Description

Facilities: Offices, confemce rooms, operations areas,
training facilities, testbeds and other space to house theThe Mars 2020 mission will launch from the Eastern Test
personnel, train the personnel, and perform the operatiorRange (ETR) at Cape Canaveral Air Force Station (CCAFS) in
(with appropriate consideration for international partners Florida during the 2020 Eartio-Mars opportunity on an Atlas
participation). V 541 launch vehicle using a Type 1 interplanetary trajectory
(i.e. heliocentig transfer angle on the interplanetary trajectory
: is less than 180 degrees). The launch/arrival strategy consists of
required tQ . : -
a launch period of 20 consecutive launch days extending from
July 17" through August %, 2020 and a constant arrival day of
Software: Groundased software and associated February 18, 2021. The launch period has a maximum launch
documentation required to perform mission operations aneénergy, or C3, of 16.0 kits? and a maximum declination of the
includes deep space navigation as welthgrounebased launch asymptote of 35.3 deg. The daily launch windows are
surface operations software (does not include payloadexpected to be of at least 30 minutes in duration. The key
specific science analysis and operations software). characteristics of the laungeriod are shown in Tabk

Hardware:Groundbased communéations and computing
hardware and associated documentation
perform and sustain mission operations.

Tracking stations of the Deep Space Network; Tracking Table2. Mars 2020 Referend¢e@unch Period Characteristics

stations of the Earth network for -@mbit contingency
operations; Trackingtations for specialized EDL UHF
communications monitoring.

Relay network assets for EDL and Surface Operations
(NASA and ESA network assets; coordinated through the
Mars Exploration Program Relay Operations office).

The key MS systems engineering andsysitem development
organizations are depictedelow in Fig. 11 M2020 MS

development seeks a significant improvement in performance
and in the integration of GDS and MOS (tools and teams) than
in past traditional JPL project developments. M2020 mission



Figure12. Launch/ArrivalPerformance Space: Hyperbolic Excess
Energy & Launch Vehicle Injected Mass Performance

The cruisgphase begins after the spacecraft has separated from
the launch vehicle and it has reached a thermally stable, positive

The launch/arrival strategy is designed to inject a total launcRN€rgy balance, and a commandable configuration and it ends
mass of at least 4050 kg and deliver the flight system to thwhen the vehicle reaches an altitude of 125 km with respect to
martian atmosphere with entry velties between 5.2 km/s and Mars. Duringthis phase, there is a series of events designed to
5.6 km/s, while allowing for EDL communication paths via characterize the flight system and perform checkouts of
orbiter relay or Direefo-Earth (DTE) during Entry, Descent, SPacecraft and payload functions. Delivery accuracy at Mars
and Landing (EDL), from atmospheric entry through landingill be achieved by executing as many as six Trajectory
plus one minute. The launch period for this patticdesign has ~Correction Maneuvers (TCMs) dug the cruise phase which
a maximum atmospherelative entry speed of 5.4 km/s alsoencompasses the approach phase which starts 45 days prior
occurringon a launch on day 1 of the launch periéat, a to atmospheric entry. The cruise trajectory is shown in g
scenariowith Jezero (JEZ) crater as the landing site target.

It is highly desired to have at least two EDL communication
paths should an anomaly occur during this critical event. The
Mars Reconnaissance Orbiter (MRO) which successfully
recorded open loop data during the Mars Science Laboratony
(MSL) EDL event will again belanned to b@re-positioned in
an optimal geometryror to the arrival of the vehicle to capture
the M2020 UltraHigh Frequency (UHF) signal. The MRO orbit
is currently at a Local Mean Solar Time (LMST) of 3:00 PM.
EDL coverage via MRO will be provided from an LMST as
close as possible to that value to immize impacts to the MRO
Science mission. The range of required LMST values for the
remaining candidate landing sites is between 3:00 PM and 3:3
PM. The Xband DTE link adds robustness to the EDL
communication strategy; however;Band semaphores do not
contain telemetry data and are likely to be insufficient to fully
reconstruct most EDL fault scenarios. In the 2020 Earth
Mars opportunity, later arrival dates favor DTE
communications; hence, the launch/arrival strategy has the
latest arrival date posse to extend DTE communications
while preserving the required launch vehicle performance for
minimum of 20 continuous launch days. Even though, th
launch/arrival strategy maximizes DTE communications, only
the Columbia Hills (CHL) site has coverage rfroentry to
landing plus one minute. The other two candidate landing sites,
Jezero (JEZ) and Northeast Syrtis (NES), havg DTE coverage, Navigation
from entry through some time after heatshield separation
making EDL communications via MRO critical since that path The navigation system is the setppbcesses, procedures,
would be the only means to obtain EDL data should the M202@oftware and hardware tools, and interfaces that are used to
mission target one of those landing locations. Currently, th@ccomplish navigation functions during flight operations. As
Project is actively working with the Mars Program Office depicted in Fig 14 the navigation system consists of three
(MPO) to include the MAVEN orbiter as part of the EDL general functional elements: spacecraft trajgcmopagation
communications baseline. Thigould add a second UHF link and analysis (s/c orbital dynamics), spacecraft trajectory
to capture M2020 EDL telemetryKey launch / arrival determination (flight path estimation / orbit determination), and
characteristics are illustrated in Fig..12 propulsive maneuver design and analysis (flight path control).

o

Figure13. EarthMars Heliocentric Trajectory View



